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[57] ABSTRACT

An arrangement for converting linear motion from a
power source to rotary motion, where the power
source is intended to coact with a cam in a manner to
produce rotary motion, this rotary motion being carried
out by a shaft. The invention is characterized by a first
member which comprises a rod-unit (4) or a corre-
sponding element intended to move reciprocatingly,
and the cam (2) which is attached to one end of the
rod-unit, this cam having curve-shaped parts (20, 21) on
solely the surface thereof remote from the rod-unit. A
second member includes two mutually opposing wing-
shaped parts (6, 7) which project outwardly away from
the shaft and which are rigidly connected to the shaft

1,505,856 8/1924 Briggs 74/50 (3). A roller (8, 9) or corresponding element is rotatably
1,687,425 10/1928 Briggs 74/50 mounted on the outer part of each wing (6, 7). The
FOREIGN PATENT DOCUMENTS rollers are 11_1tended tg roll on the cam (2), therewith
converting linear motion to rotary motion.
252419 10/1948 France .....rciicnnnnns 123/56 C
603720 6/1948 United Kingdom .... 123/56 C
631207 10/1949 United Kingdom ......ccceueuune. 74/50 10 Claims, 5 Drawing Sheets
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1
DEVICE FOR CONVERTING LINEAR
RECIPROCATING MOTION TO ROTARY
MOTION

BACKGROUND OF THE INVENTION

The present invention relates to a device for convert--

ing linear reciprocating motion to rotary motion.

The invention is primarily intended for application in
those cases where said reciprocating linear motion is
generated by the pistons of a power source which has
the form of an internal-combustion engine or a com-
pressed-air engine (motor). The invention is not re-
stricted to any particular field of application, however.

FIELD OF THE INVENTION

Swedish Patent Specification No. 8702622-5 de-
scribes a device for converting linear motion to rotary
motion with the aid of cams. More specifically, the
Patent Specification describes a device for converting
linear motion, generated by a power source, to rotary
motion, where a linearly movable member is intended
to rotate a shaft on which a cam is mounted, while lying
in abutment with said cam. The device includes two
cams which are attached in mutually paraliel relation-
ship on a common shaft. Each cam is provided with two
mutually opposing wing-shaped parts which project
away from said shaft, and the cams are mutually dis-
placed through an angle of 90°. The device also includes
two members which are intended to move linearly
towards and away from said shaft, with the aid of the
power source, and a first of these members is intended
to act against a first of the cams, whereas a second of
said members is intended to act against the other cam.
The aforesaid tw6 members are located opposite one
another and act in directions towards an away from said
shaft. The members are also mutually connected by
means of a dogging element.

An arrangement according to the aforesaid patent
specifications produces a higher maximum torque than
a conventional crankshaft having the same available
length of stroke. Furthermore, a crankshaft is only sub-
ject to force once with each revolution, and then only
during one half of a revolution. The arrangement of two
cylinders connected with a phase-difference of 180°
will, however, provide two torque peaks per revolu-
tion.

The arrangement according to the aforesaid patent
specification and comprising two cylinders and two
cams produces four torque peaks with each revolution,
at the same time as one of the aforesaid members is
constantly in force-transmitting engagement with one
of the cams. However, calculated for each working
stroke of the piston-cylinder device, the shaft revolu-
tion is only half that obtained with a shaft driven by two
piston-cylinder devices via a crankshaft.

Trials carried out with an arrangement according to
the aforesaid patent specification have shown that a
high maximum, and average torque is obtained in com-

" parison with a conventionally configured crankshaft
driven by the same power sources having the same
length of stroke.

Thus, the arrangement taught by said patent specifi-
cation has advantages over a conventional crankshaft
for converting linear motion to rotary motion.

However, the arrangement known from said patent
specification has certain, decisive drawbacks caused
basically by the fact that the cam is attached to the shaft
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to be rotated. As a result of this attachment, manufac-
ture of the cam is both expensive and complicated.
Furthermore, as seen in a direction coincident with the
longitudinal extension of the piston-cylinder devices,
the known arrangement has large dimensions and the
procedure of configuring the cam in a manner which
will afford a favourable return stroke is complicated.
Furthermore, it is expensive to change the configura-
tion of the cam for the purpose of obtaining a different
torque curve.

SUMMARY OF THE INVENTION

The present invention eliminates, inter alia, these
disadvantages and provides an arrangement which is of
simpler construction than the known arrangement and
which can be adapted to different requirements more
readily and less expensively than said known arrange-
ment.

Accordingly, the present invention relates to an ar-
rangement for converting linear motion from a power
source to rotary motion, in which a first member which
moves linearly is intended to coact with a cam to gener-
ate rotary motion, said rotary motion being performed
by a shaft, and is characterized in that said first member
includes a rod-unit or a like element operative to carry-
out reciprocating movement, and also includes said
cam, which is mounted on one end of the rod-unit; in
that the cam is provided with curved-parts or lobes on
solely the surface thereof distal from said rod-unit; in
that a second member comprising two mutually oppos-
ing wing-shaped parts projecting out from the shaft are
rigidly mounted on said shaft, and a roller or corre-
sponding element is rotatably mounted at the outer part
of each wing, said rollers being intended to roll against
said cam.

BRIEF DESCRIPTION OF THE DRAWING

The invention will now be described in more detail
with reference to exemplifying embodiments thereof
illustrated in the accompanying drawings, in which

FIGS. 1a-1i illustrate schematically the course fol-
lowed in one revolution of a shaft included in the ar-
rangement;

FIG. 2 is a side view of an arrangement which in-
cludes a power source;

FIG. 3 is a view from above of an arrangement which
includes two mutually opposed power sources intercon-
nected by a dogging element;

FIG. 4 is a side view of the arrangement illustrated in
FIG. 3;

FIG. 5a is a side view of an arrangement which in-
cludes four power sources;

FIG. 5b illustrates the positions of different compo-
nents of the FIG. 5a illustration;

FIGS. 6a-64 illustrate different guides means for a
cam forming part of the arrangement;

FIGS. 7a-7b illustrate, in larger scale, a modified
embodiment of a second member forming part of the
arrangement;

FIG. 8 is a side view of an arrangement comprising
two units which operate with mutually opposite rota-
tional directions;

FIG. 9 illustrates the arrangement of FIG. 8 viewed
from the left.



5,031,470

3

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1a illustrates the inventive arrangement sche-
matically in a given position of rotation. FIGS. 1-1il-
lustrate incrementally the course of one revolution of
the shaft of said arrangement.

The inventive arrangement is operative to convert
linear motion from a power source 1 to rotary motion,
. the power source being intended to coact with a cam 2
in a manner to produce rotary motion, this rotary mo-
tion being performed by a shaft 3.

The inventive arrangement includes a first member or
unit which includes at least one rod-unit 4 or corre-
sponding element intended to move reciprocatingly,
and said cam 2. The cam 2 is mounted on one end of the
rod-unit 4. The rod-unit 4 of the FIG. 1 émbodiment
comprises two mutually parallel rods and forms part of
the power source and may, for instance, be the piston
rod of a piston-cylinder device. Curved parts, or lobes,
are provided solely on the surface 5 of the cam 2 remote
from the rod-unit 4.

The arrangement also comprises a second member or
unit which includes two mutually opposing wing-
shaped parts 6, 7 which projects away from the shaft 3
and which are rigidly connected to said shaft. Rotatably
mounted on the outer part of each of said wings is a
roller 8, 9, or corresponding element, for rolling action
on the cam 2.

As will be seen, inter alia from FIG. 2, the two mutu-
ally opposing and outwardly projecting wing-like parts
6, 7 are configured by two mutually parallel and mutu-
ally abutting wing-shaped carrier parts 10, 11, between
which the outer parts of the rollers 8, 9 are carried.
Each of the wing-shaped carrier devices 10, 11 is con-
nected with a part of said shaft 3 projecting from the
centre part of respective wing-shaped carrier devices.
As will also be seen from FIG. 2, the shaft 3 is not a
continuous shaft, but is broken by an open space 12
formed between the wing-shaped carrier devices.

FIG. 1a illustrates one embodiment of a power source
1 in the form of two, single-acting compressed-air pis-
ton-cylinder devices 13, 14 having piston rods 4. Each
of the piston-cylinder devices has a passageway 15; 16
for the supply of compressed air, and a passageway 17;
18 for ventilating the cylinders after each working
stroke. Since both of the piston rods 4 are rigidly con-
nected to the cam 2, the piston-cylinder devices are
synchronised.

The cam 2 includes two curve-shaped parts 20, 21,
see FIG. 1b, of which a first part 20 is intended to coact
with said rollers 8, 9 when the rod 4 executes a working
stroke, and of which a second part 21 is intended to
coact with said rollers 8, 9 for the purpose of executing
the return stroke of the rod. The aforesaid two curve-
shaped parts 20, 21 meet approximately midway on the
cam and form a continuous curve.

FIGS. 156-1i illustrate a working stroke and a return
stroke. FIG. 15 illustrates a starting position. The piston
rods 4 are operative to move the cam 2 downwards in
FIG. 15, 50 as to rotate the shaft 3 from said starting
position, in the direction of the arrow 22. When the cam
2is moved upwards during its working stroke, the roller
8 rolls on the first part 20 of the cam. As the cam is
moved downwards, the roller 8 rolls further out on the
cam, as illustrated in FIG. 1d, until the position illus-
trated in FIG. 1le is reached. The working stroke is
completed when this latter position is achieved. As

—

0

20

25

30

35

55

X

4

illustrated in FIG. le, the lowermost part of the cam
passes the level on which the shaft 3 is located. The
shaft 3 is not continuous for this reason. Because the
cam is able to pass the level on which the shaft is lo-
cated, the inventive arrangement can be given a much
smaller height dimension than an arrangement con-
structed in accordance with the aforesaid patent specifi-
cation.

One embodiment of the inventive arrangement, see
FIG. 2, includes a flywheel 23 which, upon completion
of a working stroke, functions to rotate the shaft 3
therewith causing the arrangement to perform a return
stroke. The return stroke is illustrated in FIGS. 1f-1..
During the return stroke, the flywheel will thus rotate
the shaft 3 in the direction of the arrow 22. As shown in
the Figures, the roller 9 will therewith roll on the sec-
ond part 21 of the cam 2, while urging the cam upwards
until the position shown in FIG. 1/ is reached. The
return stroke is complete when this latter position has
been reached. The return stroke is followed by a work-
ing stroke, in which the roller 9 rolls on the first part 20
of the cam, this working stroke being followed by a
return stroke, and so on.

The described arrangement will therefore produce
two torque peaks for each revolution of the shaft 3. It
will be understood that the value of the torque for a
given power source and also distribution of the torque
during the working stroke will depend on the shape of
the first curved part 20 of the cam. The part 20 will
preferably begin with a relatively steep curve-part, as
illustrated in the Figures, so as to provide a relatively
high starting torque. As the roller moves further out on
the cam, as illustrated in FIG. 14, the first part of the
cam may present a relatively flat curve, since a high
torque is therewith obtained by the longer moment arm.

One important advantage afforded by the present
invention is that the curve-shaped of the cam can be
readily adapted so that the torque is distributed in a
desired manner during the working stroke. Different
torque distributions may be applicable for different
applications. Distinct from the arrangement taught by
the aforesaid patent specification, in which the cam
used has a particular configuration around the whole of
its periphery, it is sufficient when practising the present
invention to shape solely that surface of the cam which
faces away from the rod-unit 4. The remainder of the
cam may have any other configuration whatsoever,
although said part will preferably be parallelepipedic.

According to one preferred and highly important
embodiment of the invention, the two curve-shaped
parts 20, 21 are configured so that when a working
stroke has been completed and one of the rollers 8 by
means of which the working stroke is carried out abuts
one curve-shaped part of the cam, the other of the rol-
lers 9 will abut the other curve-shaped part 21 of said
cam, see FIG. 1e. This eliminates the risk of impact
when the roller operative to commence the return
stroke comes into abutment with the cam. This is an
advantage which can only be achieved with an arrange-
ment according to the aforesaid patent specification
with very special curve shapes.

However, it is not always necessary, or desirable, for
a first roller operative to execute the return stroke to
come into full abutment with the cam at the precise
moment when the other roller has completed the work-
ing stroke. Such an embodiment must be very precise
and requires the two curve-parts of the cam to have a
mutually adapted shape. In those cases when the two



5,031,470

5

rollers are not intended to come into abutment simulta-
neously, as in the case illustrated in FIG. 1e, the first
roller, however, shall be almost in abutment with the
cam at the time when the second roller has completed
the working stroke.

According to one alternative, preferred embodiment
the arrangement includes further rollers 24, 25 between
the wing-shaped carrier devices 10, 11, these rollers 24,

25 being placed between the outer parts of the wings
- . and the centre parts thereof, see F1G. 7a. These rollers

24, 25 are intended to come into abutment with the
second curve-shaped part 21 of the cam when the work-
ing stroke is completed and one of the rollers 8 by
means of which the working stroke is executed is in
abutment with one curve-shaped part 20 of the cam. As
will be seen from a comparison between FIGS. 7a and
7b, the roller 9 will also lie in abutment with the second
part 21 of the cam when the shaft 3 has rotated through
a given small angle. Upon still further has rotation of
the shaft, solely the roller 9 will lie in abutment with the
curve-part 21.

In accordance with one preferred embodiment, the
cam 2 is provided with a through-passing slot 26 (see
FIG. 7a) which extends substantially parallel with and
slightly above the curve-shaped parts 21 of the cam
against which a roller abuts during the return stroke.
This slot 26 provides a given spring or resilient effect
when the roller concerned comes into abutment with
the curve-shaped part 21. The tongue 27 formed by the
slot 26 will therewith spring slightly in the direction of
the arrow 28 shown in FIG. 7a.

The above description has been given solely with
reference to one embodiment in which two single-
acting compressed-air piston-cylinder devices act on a
cam. It will be understood, however, that the arrange-
ment may include several first and second members
operative to work on one and the same shaft.

FIG. 5a illustrates an embodiment which includes
four cams 201-204. These cams act on four pairs of
wing-shaped carrier devices 101-104; 111-114 carrying
respective rollers, all of said carrier devices being rig-
idly connected to one and the same shaft 130. Shaft 130,
as is described for shaft 3 in FIG. 2, is not continuous
but is separated between the pairs of wing-shaped roller
carrier devices. The illustrated power source comprises
four pairs of single-acting compressed-air piston-cylin-
der devices 30-33. With respect to respective positions
of the cams and carrier devices, FIG. 5q illustrates a
state which corresponds to the positions shown in FIG.
§b. The power sources shown in FIG. 5b are identified
with the same reference numerals as those used in FIG.
5a. The directions of rotation are shown by arrows.

It will be understood that the power sources may
have a form other than compressed-air piston-cylinder
devices. According to one preferred embodiment, the
power sources have the form of two-stroke internal
“combustion engines, in which a working stroke is per-
formed each time the piston moves downwards in the
cylinder and a return stroke is performed each time the
piston moves up in said cylinder, as is well known.
Because such power sources form no part of the present
invention, they will not be described in detail here.

One important advantage afforded by the present
invention is that there is no fixed connection between
the cams and the rollers. This advantage resides in the
fact that one or more of the power sources of a larger
number of power sources can be taken out of operation
when full power is not required. This can be readily
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achieved, by locking one or more power sources in
their uppermost position, illustrated in FIG. 5a. In this
case, the associated carrier devices and rollers will ro-
tate freely with the shaft 3, without coming into contact
with the stationary cam or cams.

When the curve-shaped parts 20, 21 of a cam are
configured so that a roller will come into abutment with
the second part 21 at precisely that moment when the
other roller has completed a working stroke, the power
sources are synchronized with one another.

In order to synchronize two or more power sources
by direct mechanical means the first members are, in
accordance with one preferred embodiment, mutually
connected by means of a dogging element 34, as shown
in FIGS. 3 and 4. The reference numerals 35, 36 in
FIGS. 3-and 4 identify respectively two pairs of carrier
devices 10, 11.

In accordance with one preferred embodiment, the
dogging element is straight and has sides 37, 38 which
extend parallel with the rod-unit and which run against
bearings 39-42 operative to take-up occurrent lateral
forces manifested when the rollers coact with the cams.

In the case of those embodiments which lack the
provision of a dogging element, these lateral forces
must be taken-up in some other manner. FIGS. 6a and
6b illustrate an embodiment in which the cam 2 runs
between a row of mutually superposed bearings 43-48.
FIGS. 6¢ and 64 illustrate an alternative embodiment in
which the cam is journalled in a slide bearing in guides
49, 50.

FIGS. 8 and 9 illustrate a further embodiment of the
inventive arrangement, which comprises two mutually
connected cams 220, 221. The cams are configured to be
a mirror image of one another, such that the one cam
220 will urge the associated second members 222 to the
right in FIG. 9, whereas the other cam 221 will urge the
associated second members 223 to the left in FIG. 9.
This embodiment is operative to reduce any oblique
loads that may occur. Oblique loads are reduced partic-
ularly when the two cams are located close to one an-
other.

In the embodiment illustrated in FIGS. 8 and 9, the
aforesaid two second members are mutually connected
by means of a gear arrangement comprising two crown
gears 224, 225 and four planet gears 226-229. The planet
gears rotate around axles rigidly mounted in relation to
the arrangement. Each of the crown wheels is con-
nected to a respective axle 230, 231.

It will be evident from the aforegoing that the present
invention solves the problems associated with an ar-
rangement constructed in accordance with the afore-
said patent specification.

The advantages afforded by the present invention
reside mainly in the fact that the cam is of much simpler
design and less expensive to manufacture, and that the
cam can be readily adapted to provide desired torque
distribution during a working stroke of the machine.

Furthermore, the cam can be readily configured so
that the roller operative to execute a return stroke will
come into abutment at precisely that moment when the
other roller has completed a working stroke. This
avoids the occurrence of impact between roller and
cam, while achieving mechanical synchronization be-
tween the aforesaid two members at the same time.

Although a number of different embodiments have
been described in the aforegoing it will be understood
that these embodiments can be modified in many ways.
For instance, modifications can be made to the curve-
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shapes of the cam and to the manner of connecting the
cams with the piston rods or corresponding elements of
the power source. The number of power sourcés may
also be varied, etc.

The present invention shall not therefore be consid-
ered limited to the aforedescribed embodiments, since
modifications can be made within the scope of the fol-
lowing claims.

What is claimed and desired to be secured by Letters
Patent is:

1. An arrangement for converting linear motion from
a power source to rotary motion, said rotary motion
being carried-out by a rotatable shaft means, said shaft
means having axially spaced-apart coaxial shaft seg-
ments, said arrangement comprising: a first mechanism
which comprises a rod-unit (4), arranged to carry-out
reciprocating movement, and a cam (2; 201-204; 220,
221) attached to one end of the rod-unit, said cam hav-
ing curve-shaped parts (20, 21) on solely the surface
thereof remote from the rod-unit; and a second mecha-
nism comprising two mutually parallel and mutually
adjacent and spaced-apart wing-shaped carrier devices,
each said carrier device having opposed wing parts
which radially project from the center of the associated
carrier device and each carrier device being rigidly
non-rotatably connected at its center to adjacent ends of
two adjacent spaced-apart shaft segments, means rigidly
connecting the ends of adjacent spaced-apart wing parts
of said two carrier devices, and a roller (8, 9) element
rotatably mounted on each said means rigidly connect-
ing said adjacent wing parts, said rollers thereby being
disposed between said spaced-apart wing parts and
adapted to roll against said curve-shaped parts of said
cam (2; 201-204; 220, 221).

2. An arrangement according to claim 1, wherein said
curve-shaped parts of said cam (2; 201-204; 220, 221)
includes two curve-shaped parts (20, 21) of which, dur-
ing a 180° rotation of said shaft means, a first of said two
curve-shaped parts (20) is adapted to coact with one of
said rollers (8, 9) when the rod-unit (4) executes a work-
ing stroke, and a second of said two curve-shaped parts
(21) is adapted to coact with another one of said rollers
to enable execution of the return stroke of said rod-unit
).

3. An arrangement according to claim 2, character-
ized in that said two curve-shaped parts merge together
to form a continuous curve.
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4. An arrangement according to claim 2 character-
ized in that said two curve-shaped parts (20, 21) are so
configured that when a working stroke is completed
and one of the rollers (8, 9) operative to carry-out said
working stroke is in abutment with said first curve-

‘shaped part (20) of the cam (2) the other of said rollers

(8, 9) will be in near abutment with said second curve-
shaped part (21) of said cam.

5. An arrangement according to claim 2, character-
ized in that said two curve-shaped parts (20, 21) are so
configured that when a working stroke is completed
and one of the rollers (8, 9) by means of which said
working stroke is executed is in abutment with said first
curve-shaped part (20) of the cam, the other of said
rollers (8, 9) will lie in abutment with said second curve-
shaped part (20) of said cam.

6. An arrangement according to claim 1, character-
ized in that the cam (2) is provided with a through-pass-
ing slot (26) which extends substantially parallel with
and at a distance beneath the second (21) of the two
curve-shaped parts of the cam against which a roller (8,
9) abuts during a return stroke.

7. An arrangement according to claim 2, wherein,
provided between said wing-shaped carrier devices (10,
11) and between the outer parts of said wing parts and
the center parts of said carrier devices is a further roller
(24, 25) which, when a working stroke is completed and
said one of the rollers (8, 9) by means of which said
working stroke is carried out abuts said first curve-
shaped part (20) of said cam, will come into abutment
with said second curve-shaped part (21) of said cam.

8. An arrangement according to claim 1, wherein at
least two first (4; 2) and two second mechanisms, (6-9)
respectively are provided, in which the two first mecha-
nisms are mutually connected by means of a dogging
element (34).

9. An arrangement according to claim 8, character-
ized in that bearing means are provided adjacent and
engaged with said dogging element and said dogging
element (35) has straight sides (37, 38) which extend
parallel with the rod-unit (4) and which run on said
bearings (39-42) which take-up occurrent lateral forces.

10. An arrangement according to claim 1, character-
ized in that said power source (1) comprises two single-
acting compressed-air piston-cylinder devices (13, 14)
the respective piston rods of which devices comprise a
said rod unit (4) and are parallel and are rigidly con-

nected to said cam (2).
* * * * *



